The yields of extraction, fatty acid and carotenoid compositions, antioxidant and antimicrobial activities of organic and conventional Lycium barbarum oils and extracts were investigated. Different methods were used in the extraction: Soxhlet, maceration and Bligh & Dyer. Sample characterization was performed by proton nuclear magnetic resonance and Raman spectroscopy. Soxhlet presented a higher yield for organic (4.58%) and conventional (2.83%) fruit. The Goji samples showed a high content of unsaturated fatty acids (UFA) for organic (78.29-84.72%) and conventional (70.74-80.20%) fruit. The main phytochemicals identified in the samples were linoleic acid and zeaxanthin dipalmitate. The maceration method was the most efficient in the extraction of carotenoids with high antioxidant (2.23-40.94 mmolTE 100 g
Introduction
Lycium barbarum L., known as goji berry, is a traditional Chinese medicinal herb used for over 2000 years, which belongs to the family Solanaceae (Amagase & Farnsworth, 2011) . Studies indicate that goji berry extracts have important effects on ageing, neuroprotection, immunomodulation, metabolism, glucose levels, antioxidant activity, anti-tumour and cytoprotection (Kulczy nski & Gramza-Michałowsk, 2016) . Biological effects of natural extracts are directly related to the antioxidant compounds. Oils from plants have been highlighted over the decades and it receives particular attention due to its different biological effects (Amagase & Farnsworth, 2011) .
Recently, goji berry oils and extracts have been widely used in product formulation in the food and pharmaceutical industries.
The oils are rich in linoleic acid (n-6), a polyunsaturated fatty acid that plays an important role in regulating the body's physiological and biological activities (Lescano et al., 2015) . The composition of fatty acids is a determining factor in the industrial use of vegetable oil and it is highly influenced by climate conditions, cultivating activities, besides the method and solvent employed in the extraction (S anchez- Salcedo et al., 2016) . The technique of proton nuclear magnetic resonance ( 1 H NMR) has been a promising and practical tool for the identification of fatty acids because it is a fast and non-destructive technique that requires a small amount of sample (Marcone et al., 2013) . Carotenoids are important compounds also found in large quantities in goji fruits, with high antioxidant and antimicrobial potential (Rochetti et al., 2018) . Carotenoid molecules are strong Raman scatterers and thus, non-destructive Raman spectroscopy can quickly evaluate these compounds (Bhosale et al., 2004) .
Plants used in phytotherapeutic and food preparations need greater quality control because many of these may present toxic substances, as agrochemicals (Galhiane et al., 2006) . For this reason, many Asian countries have been giving importance to the organic production of goji berry. Organic farming produces food free from toxic chemical residues, which does not cause environmental damage and favours the creation of new opportunities for small producers (Macoris et al., 2012) .
In the literature, few studies related to goji berry oils and extracts were found (Endes et al., 2015; Rosa et al., 2017; Rochetti et al., 2018; Cossignani et al., 2018) and no research has been done to compare the phytochemicals and biological activities of organic and conventional goji fruits. In order to provide guidelines for innovative uses of this product by the food, cosmetic and pharmaceutical industries, the main objectives of this study were evaluating the influence of the different extraction methods: Soxhlet, maceration and Bligh & Dyer on yield, fatty acids composition ( 1 H NMR), carotenoids characterization (Raman spectroscopy) and, in vitro antioxidant and antimicrobial activity of organic and conventional goji berry oils and extracts.
Materials and methods

Plant materials
The dehydrated samples of organic (IMO Control; Qingdao Ri Tai Food Co., Ltd., Taiwan, China) and conventional goji berries (Lycium barbarum L.) were purchased in Municipal Market of Curitiba-PR, Brazil. The plant species (Lycium barbarum L.) was supplied by the producer of the fruits (included in the package). The fruits were ground (Marconi MA 630/1, São Paulo-SP, Brazil) to ten mesh and stored in dark in a vacuum packaging at 4°C until analysis.
Chemicals and standards
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), TPTZ (2,4,6-80 tri (2-pyridyl)-S-triazine), DPPH (1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid), deuterated chloroform (CDCl 3 ) and tetramethylsilane (TMS) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Hexane (C 6 H 14 ), chloroform (CHCl 3 ), ethyl ether (C 4 H 10 O) and methanol (CH 3 OH) were purchased from Vetec Ò (Rio de Janeiro, RJ, Brazil). Anhydrous sodium sulphate (Na 2 SO 4 ), dimethylsulfoxide (DMSO) and 2,3,5-triphenyltetrazolium chloride (TTC) were purchased from Synth (São Paulo, SP, Brazil).
Extraction procedures
Soxhlet Extraction was performed according to Horwitz & Latimer (2005) . Approximately 10 g of the sample was mixed with 200 mL of hexane for 4 h at 60 AE 2°C. The solvent was evaporated under reduced pressure at 50°C (Fisatom-model802, São Paulo-SP, Brazil) and the residual solvent was evaporated with forced air circulation at 50 AE 2°C for 1 h. The residual sample was weighed and transferred into amber vials, flushed with nitrogen stream and stored at À20°C until analysis.
Maceration
Lipid fraction was extracted according to Chung et al. (2011) . The sample (20 g) and 100 mL of ethyl ether were introduced into a flatbottom flask. The flask was sealed and stored in the dark at 25 AE 2°C for 24 h. The mixture was filtered and the solvent was evaporated under reduced pressure at 50°C (Fisatom-model802, São Paulo-SP, Brazil). The residual solvent was evaporated with forced air circulation at 50 AE 2°C for 1 h. The residual sample was weighed and transferred into amber vials, flushed with nitrogen stream and stored at À20°C until analysis.
Bligh & Dyer
Extraction was performed according to the method Bligh & Dyer (1959) . The samples (3.5 g) were mixed with chloroform/water/methanol (20/10/8, v/v/v) and homogenised in an incubator chamber (Marconi MA420, São Paulo-SP, Brazil) at 25 AE 2°C, 200 r.p.m. for 30 min. Then, chloroform (10 mL) and anhydrous sodium sulphate 1.5% (10 mL) were added and mixed for 5 min. The suspension was decanted and a three-phase system was formed. The lower chloroform phase was collected in falcon tubes with 1 g of anhydrous sodium sulphate and then the mixture was stirred and filtered. The extracts were combined and the solvent evaporated under reduced pressure at 50°C (Fisatom-model802, São Paulo-SP, Brazil). The residual solvent was evaporated with forced air circulation at 50 AE 2°C for 1 h. The residue was weight and transferred into amber vials, flushed with nitrogen stream and stored at À20°C.
Characterization of oils and extracts
H NMR spectroscopy
Approximately 5 mg of samples were directly transferred into 5 mm NMR tubes and the volume completed to 600 lL with CDCl 3 containing 0.05% TMS. The unsaturated fatty acid (UFA) composition was determined as described by Barison et al. (2010) Raman spectroscopy Raman spectra were recorded using a Confocal Raman Microscope (Witec alpha300R, Ulm, Germany). Measurements on goji berry samples were performed with 500 scans and an unfocused laser beam of 300 mW with a diameter of about 1 mm. The spectral resolution of 3 cm À1 in the range of 200-4000 cm
À1
was used for all spectra.
Antioxidant activity
Antioxidant activity was determined by in vitro assays (FRAP, ABTS and DPPH). Standard curves for all assays were prepared with Trolox and results expressed in millimol of trolox equivalent (TE) per 100 g dry sample (mmolTE 100 g À1 ). For determination, 0.5 g of sample was diluted in 950 lL of ethyl acetate and then, the samples were diluted 1/40 (v/v) in ethyl acetate (Malacrida et al., 2012) .
The ferric reducing antioxidant power (FRAP) was determined according to Benzie & Strain (1996) . The FRAP reagent was prepared by a mixture of acetate buffer (300 mM, pH 3.6), 10 mM of ferrous-tripyridyltriazine (TPTZ) and 20 mM of FeCl 3 (10/1/1, v/v/v). In a microplate were added 10 lL of samples and 300 lL of the FRAP reagent. The microplate was stored in the dark for 30 min and the absorbance was measured at 593 nm (Tecan Nanoquant-InfiniteM200, Grodig, Switzerland).
The ABTS radical cation decolorisation assay was determined according to Re et al. (1999) . The working solution was prepared by mixing: 5 mL of 7 mM ABTS and 88 lL of 140 mM potassium persulfate, and allowing them to react for 16 h at room temperature (25 AE 1°C) in the dark. The solution was diluted by mixing 4 mL of ABTS radical solution with 250 mL of distilled water to obtain an absorbance of 0.70 at 734 nm. A total of 300 lL of an ABTS solution and 3 lL of oil were added to a microplate. The mixture was stored in the dark for 30 min and the absorbance was measured at 734 nm (Tecan Nanoquant-InfiniteM200).
The ability of oils and extracts to scavenge the DPPH• was determined according to Brand-Williams et al. (1995) . In a microplate were added 5 lL of the sample and 195 lL of the ethanol solution of DPPH 125 lM, stored in the dark for 30 min and the absorbance was measured at 517 nm (Tecan NanoquantInfiniteM200).
Antimicrobial activity
The microorganisms used in this study were strains of Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 11778), Escherichia coli (ATCC 25922) and Salmonella enteritidis (ATCC 13076). The strains were supplied by the Laboratory of Microbiology of the Federal Technological University of Paran a (Curitiba-PR, Brazil) and by the Oswaldo Cruz Institute (Rio de Janeiro-RJ, Brazil). Bacterial suspensions were prepared according to Wiegand et al. (2008) . The turbidity of the initial suspension was adjusted by comparison with the McFarland standard of 0.5. The initial suspension contained about 108 colony forming units (CFU mL À1 ). Subsequently, dilutions were prepared in 0.9% saline solution, 1:100 from the initial bacterial suspension.
The antimicrobial activity was tested by the minimum inhibitory concentration (MIC) using the microdilution method in microplate (Wiegand et al., 2008) . The samples were diluted in DMSO and serial dilutions in microplates were performed (200-0.39 mg mL À1 ). The inoculum was added to the wells and the microplates were incubated at 37°C for 24 h. Amoxicillin at 64 mg L À1 and DMSO were used as controls. Antimicrobial activity was detected by adding 20 lL of 0.5% TTC. MIC was defined as the lowest concentration of the samples that prevented microbial growth.
Statistical analysis
Data were presented as mean AE standard deviation (SD). One-factor analysis of variance (ANOVA) was performed to determine significant differences among different extraction methods. Fisher's LSD test was used to compare the means among treatments with significant differences (P ≤ 0.05). The Student t-test test was used to evaluate the data between organic and conventional samples, and values of P ≤ 0.05 were considered significant. Statistical analyses were performed using Statistica 7.0 software (StatSoft Inc., South America, Tulsa, OK, USA).
Results and Discussion
Evaluation of yields Table 1 shows the yields for organic and conventional goji berry oils obtained by Soxhlet, as well as extracts obtained by maceration and Bligh & Dyer methods.
Significant differences (P ≤ 0.05, ANOVA) were observed among all extraction methods, and the yield decreased in the following order: Soxhlet > maceration > Bligh & Dyer.
Among the extraction methods used in this work, the Soxhlet method showed a higher yield for organic (4.58%) and conventional (2.83%) fruit (Table 1) . These results can be explained by the fact that the Soxhlet method is specific for extracting of lipid substances from different natural sources and high temperatures are applied (Azmir et al., 2013) . Higher temperatures affect the flow of the solvent through the sample, causing a greater sample-solvent contact. High temperatures also cause vegetable cell wall disruption, increasing extraction effectiveness (Lescano et al., 2015) .
The low yield obtained by maceration (2.28% and 1.81%) and Bligh & Dyer (1.38% and 0.97%) can be explained by the use of low temperatures during extraction. In addition, these methods are not specific for lipid extraction (Azmir et al., 2013) . Conflicting total lipid contents for goji fruits have been found in the literature. Data from the USDA (2016) and Blasi et al. (2017) show a lipid content of 0.39% and 0.48%, respectively, whereas Endes et al. (2015) determined 4.11% of lipids for conventional goji. The organic cultivation of this fruit showed a content of 3.33% of lipids (USDA, 2017). These results can be explained by the different methods, polarity of the solvent, temperature and time employed in the extraction (Rezaie et al., 2015) . Furthermore, the growth system, region of cultivation and ripeness may also influence yield (Azmir et al., 2013) .
As shown in Table 1 , the yields presented significant differences (P ≤ 0.05, Student t-test) among growth systems for all extraction methods. Organic goji fruits showed higher yields, which can be explained by the plant response to physiological stress situations. Organic plants are more susceptible to attack by pests and pathogens, and fragile to adverse weather conditions. Therefore, the plant tends to produce large amount of defence compounds, influencing extraction yield (Macoris et al., 2012) . Fatty acid composition by 1 H NMR Several methodologies have been described in the literature for fatty acid content determination, in accordance with 1 H NMR spectra using mathematical approaches. In this study, the implemented methodology is based on the fact that all fatty acyl chains are esterified to glycerol moiety in order to form triglycerides ( Figure S1 ) (Barison et al., 2010) . In this, each part of the fatty acyl chains presents specific signals in the 1 H NMR spectra, and are already well established in the literature ( Figure S1 ). As the signal area in the 1 H NMR spectra is directly proportional to the number of corresponding hydrogen nuclei in the sample, the fatty acid composition can be determined by the relationship between the areas of characteristic signals of each fatty acyl chain, and those from the glycerol backbone in the 1 H NMR spectra (Barison et al., 2010) .
This methodology could be applied to goji berry samples, since no significant amounts of diglycerides or monoglycerides were observed. These compounds may interfere in fatty acid composition (Barison et al., 2010) . Furthermore, the absence of signals of around 11.50 ppm on the 1 H NMR spectra, a feature of carboxylic acids, indicates an absence of free fatty acids in a detectable concentration of 1 H NMR ( Figure S2  and S3) . The use of a high-resolution spectrometer (600 MHz) in this study provided enough resolution in order to distinguish the contribution of linolenic n-3 and n-6 acyl fatty chains. Table 2 presents fatty acid (oleic, linoleic and linolenic) levels and the total saturated fatty acids (SFA) and unsaturated fatty acids (UFA) found in goji berry fruits extracted with different methods. The linoleic acid (C18:2n6 cc) was the most abundant fatty acid in organic (56.31-61.87%) and conventional (54.20-59.65%) fruits, followed by oleic (C18:1n9c) and linolenic (C18:3n3ccc). This agrees with the results previously obtained by Guoliang et al. (2011) , Endes et al. (2015) , Blasi et al. (2017) and Rosa et al. (2017) . Linolenic acid (n-6) is an essential fatty acid in the growth and strengthening of epithelial tissue, besides being the precursor of arachidonic acid, an important component of the membrane of structural lipids (Lescano et al., 2015) .
All extraction methods showed high contents of UFA for organic and conventional fruits (Table 2) : Soxhlet (78.50% and 72.01%), maceration (78.29% and 70.74%) and Bligh & Dyer (84.72% and 80.20%) . Saturated fatty acids (SFA) for organic and conventional goji samples ranged between 14.71%-21.22% and 16.99%-27%, respectively. Low SFA levels are desirable as these fatty acids increase plasma cholesterol levels, a risk factor for cardiovascular diseases (Lescano et al., 2015) . The highest linoleic, linolenic and oleic acid contents were determined in organic fruit oils for all extraction methods (Table 2 ). Factors such as methods of cultivation, drying, harvest period and production area may interfere in the content of the compounds (Macoris et al., 2012) . Therefore, these factors were favourable for a higher UFA content in oils and extracts obtained from organic goji berries.
Characterization of oils and extracts by Raman spectroscopy
Raman spectroscopy was used for the identification of the constituents from goji berry oils and extracts. From this analysis, it becomes possible to conclude whether or not the assignment of a particular set of Raman band wavenumbers is truly characteristic of a specific compound or attributable to a generic type (Oliveira et al., 2010) . Figure 1 shows the Raman spectra of organic and conventional goji berry oils and extracts obtained through maceration (a, b), Bligh & Dyer (d, e) and Soxhlet (f, g).
For all samples, the Raman spectral profile presented three peaks, located at specific spectrum regions, at 1008, 1157 and 1528 cm À1 , modes assigned to vibrational deformation (C-CH 3 ) and stretching (C-C) and (C=C), respectively ( Figure 1 ). Higher intensities were observed at 1528 cm À1 , related to the high unsaturation degree of the molecules. The relationship between a high unsaturation degree and the vibrational mode (C-CH 3 ) is typical of carotenoids . According to Oliveira et al. (2010) , it can be said that the main carotenoid present in all goji fruits is zeaxanthin dipalmitate, whose characteristic signs are close to 1156 and 1527 cm À1 . Zeaxanthin, mainly as dipalmitate, is the predominant carotenoid in L. barbarum fruits, which corresponds to one-half of the total carotenoid content (Amagase & Farnsworth, 2011) .
As shown in Figure 1 , higher intensities in the Raman spectrum were obtained by maceration: (a) organic and (b) conventional goji berry. According to Bhosale et al. (2004) , the intensity in the Raman spectroscopy may be related to the carotenoid content. Therefore, it can be said that extracts obtained by maceration presented higher content of carotenoids in relation to the other methods of this study. Low intensities were observed for (e) organic and (f) conventional goji oils (by Soxhlet) (Figure 1 ). This can be explained by the high temperatures used in this method, which may cause degradation of functional groups of carotenoids and isomerisation of all-E-carotenoids to Z-isomers, with loss of provitamin A activity, as well as changes in metabolism and bioavailability (Rodriguez-Amaya et al., 2008; Azmir et al., 2013) .
The organic samples (Figure 1a ,c,e) showed the higher intensities in the Raman spectrum compared with conventional fruits. Consequently, organic samples showed higher carotenoid content. The carotenoid content is very variable and elevated temperatures may increase the content of chromophoric compounds, responsible for transforming solar energy into chemical energy (Rodriguez-Amaya et al., 2008) . Furthermore, farming practices may also influence the carotenoid composition, related to adverse environmental and Wavelength (cm -1 ) Figure 1 Raman spectra of goji berry fruits.
climatic conditions. Mercadante & Rodriguez-Amaya (1998) showed that kale grown in an organic system presented significantly higher carotenoids content compared with vegetables produced with the use of chemical fertilizers.
Antioxidant activity
The antioxidant capacity (FRAP, ABTS and DPPH assays) of organic and conventional goji berry oils and extracts are shown in Table 3 . The FRAP assay is based on the reduction of ferric (Fe 3+ ) to ferrous (Fe 2+ ) ion, forming the colored ferrous-tripyridyltriazine (TPTZ) complex through the electron-transferring of antioxidants compounds. The high reduction potential indicates a high antioxidant capacity (Rezaie et al., 2015) . The antioxidant capacity of organic and conventional goji samples ranged between 1.21-2.23 and 1.40-2.43 mmol 100 g À1 , respectively. Extracts obtained by maceration were able to reduce Fe 3+ more than (P ≤ 0.05) samples obtained by Soxhlet and Bligh & Dyer (Table 3) .
In the ABTS assay, a ferryl myoglobin radical was formed from methaemoglobin and H 2 O 2 , which oxidises the ABTS to produce a radical ABTS•+. The antioxidant capacity is determined by the potential of supplying the production of the radical ABTS•+ (H€ oferl et al., 2014). The antioxidant capacity of organic and conventional goji samples ranged between 32.21-39.44 and 30.84-40.04 mmol 100 g À1 , respectively. The extracts obtained by maceration and Bligh & Dyer presented significantly (P ≤ 0.05) higher ABTS•+ radical scavenging activity compared to Soxhlet (Table 3) .
The DPPH• radical scavenging activity assay was used to determine the ability of oils and extracts components to act as hydrogen atom and electron donors (H€ oferl et al., 2014) . The DPPH• radical scavenging activities of the organic and conventional goji samples ranged of 33.89-40.94 and 19.13-40 .06 mmol 100 g À1 , respectively. For the DPPH assay, the maceration method proved to be the most efficient (P ≤ 0.05) in the extraction of compounds with high antioxidant activity (Table 3) .
Regarding the obtained results, it can be said that goji berry oils and extracts obtained by the two cultivation systems presented excellent antioxidant activity. In the literature, studies have demonstrated the high antioxidant potential of oils and extracts from different goji berry species. Dahech et al. (2013) showed that the DPPH radical scavenging activity of the Lycium shawii oils (25 lg mL À1 ) was 98% higher, when compared to synthetic antioxidant butylated hydroxytoluene (BHT). Lycium barbarum extracts and oils exhibited excellent DPPH• radical scavenging activity compared with ascorbic acid and a-tocopherol (Guoliang et al., 2011) .
As shown in Table 3 , maceration presented extracts with the highest antioxidant capacity in FRAP and DPPH assays. Different lipophilic compounds may contribute to the antioxidant capacity, such as fatty acids, tocopherols and carotenoids. Guoliang et al. (2011) related the high antioxidant activity found in L. barbarum oils with a high UFA percentage. Rosa et al. (2017) showed that a-tocopherols and carotenoids (all-trans-zeaxanthin) from Lycium europaeum fruits presented a high sequestration activity of DPPH• and ABTS•+ radicals. Therefore, the highest antioxidant content obtained by maceration can be explained by the high UFA content and mainly high carotenoid content in oils and extracts obtained by this method. Zeaxanthin, the main carotenoid in goji berry fruits, provide maximum protection to highly reactive species due to the presence of large amounts of double bonds in the molecular structure, quenching the singlet oxygen molecules and scavenging peroxy radicals (Krinsky, 2001) .
Organic goji berry oils and extracts showed a higher antioxidant activity (P ≤ 0.05, Student t-test) compared with conventional goji fruits ( Table 3) . As shown in the analyses of 1 H NMR and Raman, organic oils and extracts presented a higher fatty acids and carotenoid content, compounds produced in response to physiological stress conditions. Furthermore, genetic factors, climatic conditions, ripeness, The report values are percentage mean value AE standard deviation (n = 3). Different letters indicate significant differences (P ≤ 0.05) within each column (between extraction methods).
light and salts may also influence the content and antioxidant activity of compounds from vegetable sources (Pertuzatti et al., 2015) . Table 4 shows the MIC of organic and conventional goji berry oils and extracts against Gram-positive bacteria (B. cereus and S. aureus) and Gram-negative bacteria (S. enteritidis and E. coli).
Antimicrobial activity
Negative control (DMSO) had no antimicrobial effect on any bacteria tested while positive control (amoxicillin) had different MIC values for different bacteria strains in a range of 0.25-12.50 mg mL À1 . All samples showed antimicrobial activity for all strains tested, except conventional goji oils extracted by Soxhlet (Table 4 ). These oils did not inhibit S. enteritidis and E. coli at the concentrations tested (up to 200 mg mL À1 ). These results can be explained by the low concentration of antimicrobial agents (UFA and carotenoids) in these samples. Salem et al. (2014) showed that UFA from Brachychiton diversifolius was effective against Bacillus subitilis and Sarcina lutea. The long-chain polyunsaturated fatty acids exhibited antibacterial activity against Propionibacterium acnes and S. aureus at the concentrations tested (32-1024 mg L À1 ) by Desbois & Lawlor (2013) . Rostami et al. (2016) reported that carotenoids extracted from Micrococcus roseus and Rhodotorula glutinis were able to inhibit S. enteritidis and E. coli.
As shown in Table 4 , Gram-negative bacteria (higher MIC values) were more resistant to natural antimicrobials than Gram-positive bacteria. Structural differences in bacterial cell wall may explain these results. Gram-negative bacteria present in their structure beyond the cell membrane, an outer layer composed of phospholipids, proteins and lipopolysaccharides, are impermeable to a large amount of molecules (Salem et al., 2014) . However, our results showed that goji berry extracts obtained by maceration might result in a greater Gram-negative bacteria inhibition than samples obtained by the other methods tested. A high linoleic acid content and higher zeaxanthin content obtained for extracts obtained by maceration may explain the higher MIC values (Table 4) . Waller et al. (1998) showed that linoleic acid has high selectivity for FabI enzyme produced by the bacteria S. aureus and E. coli, inhibiting the growth of these microorganisms. Zeaxanthin has active hydroxyl groups, which cause electron delocalization and act as proton exchangers, reducing the gradient across bacterial cell membranes. This will cause collapse of the proton motive force and depletion of the ATP reserve in microbial cells, leading to cell death (Ultee et al., 2002) .
Organic goji oils and extracts showed higher antimicrobial activity (3.12-200 mg mL À1 ) in comparison with samples of conventional fruits (6.25 to >200 mg mL À1 ) for all tested bacteria strains, which can be explained by the highest contents of the antimicrobial components, fatty acids and carotenoids.
Conclusion
The highest yields for organic and conventional goji oils and extracts were obtained by the Soxhlet method. The 1 H NMR and Raman spectroscopies were first used to identify goji fruit compounds, and can be successfully applied in identifying fatty acids and carotenoids in goji berry oils and extracts. Goji berry samples showed a high UFA content and linolenic acid was the main fatty acid identified. The maceration showed higher carotenoid content and zeaxanthin dipalmitate was the main carotenoid present. Furthermore, higher antioxidant and antimicrobial activities were obtained for maceration method. Organic fruit oils and extracts presented the highest yield, UFA, carotenoids, antioxidant and antimicrobial activities. These results make organic goji oils and extracts special for cosmetic, pharmaceutical and food applications. 
